The antioxidant activity of extract from roasted barley grain was evaluated by various methods in vitro and in vivo. Results showed that the extract exhibited high antioxidant activities in vitro and in vivo, evidenced by its ability to chelate ferrous ions, scavenge hydroxyl and superoxide radicals, and prevent lipid peroxidation of liver homogenate. The extract significantly increased the total antioxidant capability (T-AOC) in aged mice (P < 0.05). The activities of antioxidant enzymes superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px) increased while levels of malondialodehyde (MDA) and manoamine oxidase (MAO) decreased in both the liver and brain of aged mice treated with the extract compared to the control (untreated mice). The results demonstrate potential antioxidant activities and antiaging effect of roasted barley grain. This provides scientific support for the use of roasted barley grain as an antioxidant against oxidative stress.
Introduction
The recent growth in knowledge of reactive oxygen species (ROS) and antioxidants in biology is producing a medical revolution that promises a new age of health. ROS are increasingly recognized as the pathogenesis of certain human diseases, including cancer, ageing and chronic arterial disease [1] . Living tissues are endowed with indigenous antioxidant defense mechanisms, including the enzymes catalase, superoxide dismutase, glutathione peroxidase and glutathione-S-transferase. A reduction in the activity of these enzymes is associated with the accumulation of highly reactive free radicals, leading to deleterious effects such as loss of integrity and function of cell membranes. The role of an antioxidant is to remove free radicals. The mechanism for antioxidants to remove free radical involves donating hydrogen to a free radical and hence its reduction to a non reactive species through removing the odd electron feature which is responsible for radical reactivity [2] .
Oxidative stress is a process where the physiological balance between pro-oxidants and antioxidants is disrupted in favors of the former, ensuing in potential damage for the organism [3] . Dietary antioxidant intake may be an important strategy for inhibiting or delaying the oxidation of susceptible cellular substrates, and is thus relevant to disease prevention in many paradigms. There is growing interest in barley products because of their high content of phenolic compounds such as phenolic acids (benzoic and cinnamic acid derivatives), proanthocyanidins, tannins, flavonols, chalcones, flavones, flavanones, and amino phenolic compounds [4] . In our previous study, we reported that roasting had significant influences on total phenolic contents as well as antioxidant activity in barley. The contents of phenolic compounds and antioxidant activity as measured by DPPH radical scavenging activity, ferric thiocyanate method and reducing power assay, increased significantly in RBG. Phenolic acids were identified as the major phenol compounds in the extract [5, 6] .
Phenolic compounds such as flavonoids, phenolic acids, diterpenes and tannins have received attention for their high antioxidative activity [7] . Preliminary results suggest that these phenolic acids are absorbed in humans [8, 9] and that their antioxidant activity may reduce the risk of coronary heart diseases, cancers, and the aging processes [10] . It has been reported that barley including many phenol compounds such as vanillic acid, p-coumaric acid, p-hydroxylbenzoic acid, p-hydroxybenzal-dehyde, quercetin and 3,4-dihydroxybenzaldehyde has an effect on scavenging ROS [11] .
Although in vitro antioxidant activity of RBG has been studied [5, 11, 12] , no literature documenting the antioxidant role of hot air RBG in vivo is available. The objecttive of the present study was to evaluate the antioxidant effect of extract from RBG towards oxidative stress in vitro and in vivo. The in vitro antioxidant activity of RBG was determined by measuring the scavenging effects on hydroxyl and superoxide radicals as well as chelation of Fe 2+ and lipid peroxidation of liver homogenate.
In vivo evaluation was based on the aged mice model.
Materials and Methods

Chemicals and Reagents
The total antioxidant capacity (T-AOC), superoxide dismutase (SOD), malondialdehyde (MDA), maloamine oxide (MAO) and glutathione peroxidase (GSH-Px) comercial kits were purchased from Jiancheng institute of biotechnology, China. Folin-Ciocalteu phenol reagent, gallic acid, 300 g/l hydrogen peroxide, sodium salicylate, pyrogallol, 2-thiobarbituric acid and other chemicals used were of high quality and commercially obtained from local suppliers in Nanjing, China.
Sample Preparation
Roasted barley grains were prepared according to the condition that optimizes antioxidant activity as reported in our earlier study [5] . Flour from RBG was extracted in 800 g/kg ethanol at a ratio of 1:10 w/v. After 2 h of extraction in a shaking water bath at 45˚C under dark conditions, the supernatant and the residue were separated by vacuum filtration. The residue was then re-extracted as in the first extraction and the extraction solutions combined. The obtained extraction solutions were concentrated in a rotary vacuum evaporator at 45˚C, lyophilized and stored at −20˚C. Before the assays, the extract was dissolved at required concentrations.
Animal Treatment
Thirty six aged (24 months) and 12 young (3 months) male Kunming mice were purchased from the experimental animal center of Shanghai. The mice were housed in a temperature (25˚C ± 2˚C) and humidity (50% ± 5%) controlled room with a 12 h light-dark cycle and free access to standard pellet diet and drinking water. Animals were maintained per national guidelines and protocols approved by the Institutional Animal Ethical Committee. After an adaptation period of 6 days, the aged mice were randomly divided into four groups of 12 mice each. Control group (group AC) mice were introgastric gavage (IG) administered with 0.2 mL of 9 g/l saline only; the RBG extract treatment group (group RBG 100 and 200) mice were IG administrated RBG extract (100 and 200 mg/kg, dispersed in 9 g/l saline respectively).
The young mice were used as the normal control group (group NC) and were IG administered with 0.2 mL of 9 g/l saline only [13] . The IG administration in each group was done daily for 60 days. Body weights were recorded weekly during the 60 day experiment. At the end of the experimental period, all the animals were sacrificed by decapitation. From each animal, 5ml of blood samples were collected and serum separated after centrifuging at 10,000 rpm for 20 min at 4˚C. The liver and total brain were excised. The serum, total brain and liver samples were stored at −80˚C until analysis.
Determination of Total Phenol Content (TPC)
Total phenolic content of the extracts was determined according to the Folin-Ciocalteu spectrophotometric method [14] with slight modifications. Briefly, 0.5 mL diluted barley extract solution was mixed with 2.5 ml of tenfold diluted Folin-Ciocalteu's phenol reagent and allowed to react for 5 min. Then 2 mL of 75 g/l sodium carbonate (Na 2 CO 3 ) solution was added, and the final volume made up to 10 mL with deionized water. After reaction for 1 h at room temperature, the absorbance at 760 nm was determined. The calibration curve was obtained with gallic acid, and the results expressed as mg of gallic acid equivalents per gram of dry weight (mg GAE/g dry weight (DW)).
Fe 2+ -Chelating Activity Assay
The extract was assessed for its ability to compete with ferrozine for iron (II) ions in free solution. The Fe 2+ -chelating activity was measured according to a literature procedure by Hsu et al. [15] with a few modifications. The reaction mixture (2.15 ml) contained 500 μl roasted barley grain (0 -10 g/L), 50 μl FeCl 2 (2 mmol/l) and 1.6 ml deionised water. The mixture was shaken vigorously and left at room temperature for 5 min; 100 μl of ferrozine (5 mmol/l in methanol) were then added, mixed and left for another 5 min to complex the residual Fe 2+ . The absorbance of the Fe 2+ -ferrozine complex was measured at 562 nm against a blank performed in the same way using FeCl 2 and water. EDTA was used as the standard solution. All tests were run in triplicate and averaged. The chelating activity of the extract for Fe 2+ was calculated as;
Chelating rate % 1 100
where A 0 was the absorbance of the control (without extract) and A 1 was the absorbance in the presence of the extract or standard solution. A 2 was the absorbance without ferrozine.
Hydroxyl Radical Scavenging Assay
Hydroxyl radical (OH·) scavenging effect was measured according to the method of Wang et al. [2] OH radicals were generated by the Fenton reaction in the system from FeSO 4 and H 2 O 2 , and detected by their ability to hydroxylate salicylate. The reaction mixture contained 0.5 ml FeSO 4 (8 mM), 0.8 ml H 2 O 2 (6 mM), 0.5 ml distilled water, 1.0 ml sample of various concentrations and 0.2 ml sodium salicylate (20 mM). After reaction for 30 min at 37˚C, the absorbance of the hydroxylated salicylate complex was measured at 562 nm. Trolox was used as the positive control. The percent scavenging rate was obtained according to the formula:
where A 0 was the absorbance of the control (without extract), A 1 was the absorbance with extract addition and A 2 was the absorbance without sodium salicylate.
Superoxide Radical Scavenging Assay
Superoxide radical  2 scavenging effect of RBG extract was examined by a pyrogallol autoxidation system as reported by Su et al. [16] with minor modifications. The reaction mixture contained 0.2 mL of different concentrations of extract added to 5.7 mL of 50 mM Tris-HCl buffer (pH 8.2). The mixture was incubated at 25˚C for 10 min and then 0.1 ml of 6 mM pyrogallol (25˚C) was added. The absorbance of the reaction mixture was measured at 320 nm every 30 s until the reaction proceeded to 5 min. Trolox at the same concentration as sample was used as the positive control. The scavenging rate was obtained according to the following equation
where A 0 was the absorbance of the supernatant without extract, A 1 was the absorbance of the extract addition and A 2 was the absorbance of extract solution.
Inhibition of Lipid Peroxidation in Mice Liver Homogenate
The inhibition effect of RBG on lipid peroxidation of mice liver homogenate was measured according to the thiobabituric acid method. FeCl 2 -H 2 O 2 was used to induce liver homogenate peroxidation. One percent liver homogenate was prepared and the lipid peroxidation assay was conducted according to Yen and Hsieh [17] with slight modification. Briefly, 0.2 ml of different concentrations of RBG extract (0 -0.5 mg/ml) was mixed with 1.0 ml 10 g/kg liver homogenate, 50 µl FeCl 2 (0.5 mM) and H 2 O 2 (0.5 mM). The mixture was incubated at 37˚C for 1 h. Then 1.0 mL TCA (1.5 g/kg) and thiobabituric acid (6.7 g/kg) were added. The mixture was heated in boiling water for 15 min. The absorbance was recorded at 532 nm. Trolox was used as a positive control. The percentage inhibition was calculated as follows;
where A 0 was absorbance of control (without extract), A 1 was absorbance of extract addition and A 2 was absorbance without liver homogenate.
Measurement of T-AOC in Mice Blood
At the end of feeding treatment, mice were decapitated. Blood was collected and centrifuged at 10,000 rpm for 20 min at 4˚C and the serum separated. The total antioxidant capability (T-AOC) was examined by a commercial kit (Nanjing Jiancheng Bioengineering Institute, Nanjing City, PR China) following the manufacturer's protocol. In the reaction mixture ferric ion was reduced by antioxidant reducing agents and blue complex Fe 2+ -TPTZ (2,4,6-tri(2-pyridyl)-s-triazine) was produced. The optical density was measured at 520 nm. One unit (U) of T-AOC was defined as the amount that increased the absorbance by 0.01 at 37˚C. Data were expressed as U/ml blood.
Measurement of SOD, GSH-Px, MDA and MAO Activity in the Brain and Liver
After mice were sacrificed, their brain and liver was removed rapidly and homogenized in ice-cold physiological saline solution (9 g/l). The homogenate was centrifuged at 10,000 rpm at 4˚C for 20 min, and the supernatant collected for analysis. The determination of the activity of superoxide dismutase (SOD), glutathione peroxide (GSH-Px), malondialdehyde (MDA) and monoamine oxidase (MAO) were performed using commercial kits (Nanjing Jiancheng Bioengineering Institute, Nanjing City, PR China).The assay for total SOD was based on its ability to inhibit the oxidation of oxymine by the xan- 
Protein Assay
Protein concentration was measured by the Lowry method [18] . Bovine serum albumin (BSA) was used as the standard. The principle behind the Lowry method of determining protein concentrations lies in the reactivity of the peptide nitrogen(s) with copper (II) ions under alkaline conditions and the subsequent reduction of the FolinCiocalteau phosphomolybdic phosphotungstic acid to heteropolymolybdenum blue by the copper-catalyzed oxidation of aromatic acids.
Statistical Analysis
The experimental results were expressed as means ± standard deviation (SD). SAS version 9 was used to carry out the analysis of variance (ANOVA), P < 0.05 values were regarded as significant.
Results
Fe 2+ -Chelating Activity Assay
To better estimate the antioxidant potential of roasted barley grain extract, its chelating activity was evaluated against Fe 2+ . The chelating effects of the extract and EDTA on ferrous ions increased with increasing concentrations (Figure 1) . In concentrations of 10 mg/ml, the barley grain extract as well as EDTA exhibited chelating effects of 52.6% and 80.5%, respectively. The concentration of the extract and EDTA needed for 50% chelation of ferrous ions (EC 50 ) was 7.3 and 3.9 mg/ml, respectively.
OH· Scavenging Activity
In this study the hydroxyl radical scavenging effect of roasted barley grain extract was concentration-dependent and at concentration of 3 mg/ml the scavenging effect was found to be 69.56% (Figure 2) . Trolox served as a positive control was found to have 93.01% scavenging effect at the same concentration. Although the scavenging effect of roasted barley grain extract was lower than that of trolox, the result showed that the extract had strong hydroxyl radical scavenging effect with the half inhibition concentration (EC 50 ) of 0.56 ± 0.05 mg/ml. Trolox had an excellent scavenging activity on OH· with the EC 50 of 0.03 ± 0.01 mg/ml. Figure 3 shows the percentage inhibition rate of superoxide radical generation by ethanolic extract of roasted barley grain. The decrease in absorbance at 560 nm with antioxidants indicates the consumption of superoxide anion in the reaction mixture. The inhibition activity of roasted barley grain extract was higher with EC 50 of 3.26 ± 0.15 mg/ml compared to trolox with EC 50 of 3.59 ± 0.13 mg/mL which was significantly different at P < 0.05. At the concentration of above 3 mg/mL, trolox had a better inhibition activity compared to barley extract.
Superoxide Radical Scavenging Activity
Inhibition of Lipid Peroxidation
In this study, we measured the potential of roasted barley grain extract to inhibit lipid peroxidation in mice liver homogenate, induced by the FeCl 2 -H 2 O 2 system. The end products of the process were measured in terms of thiobarbituric acid-reactive substances (TBARS) formed. Both roasted barley grain extract and trolox inhibited lipid peroxidation in a concentration-dependent manner (Figure  4) . At a concentration of 500 μg/ml the inhibition of lipid peroxidation by roasted barley grain extract was 66.3% while that of trolox was 94.8%.
Antioxidant Effect of Roasted Barley Grain Extract in Aged Mice
Compared to AC group, total antioxidant capacity (T-AOC) was found to be significantly higher for RBG 200 group (P < 0.01) and RBG 100 group (P < 0.05) mice. The increase was by 49.0% and 13.8% respectively. The mean activity of antioxidant enzymes SOD and GSH-Px was significantly higher in the liver and brain tissues homogenate of mice treated with 200 mg/kg roasted barley grain extract compared to AC mice group (P < 0.01) (Table 1). In both the brain and liver of RBG 100 mice group the activity of SOD increased significantly (P < 0.01). The mean concentration of MDA and MAO levels in the brain and liver homogenate decreased significantly in both RBG 200 and RBG 100 mice group (P < 0.01) except for MAO in the liver of RBG 100 mice group which was significantly lower at P < 0.05 when compared to AC group. When the brain and liver of AC group was compared with the NC group, the activity of antioxidant enzymes SOD and GSH-Px were significantly lower (P < 0.01) in AC group while the levels of MDA and MAO were significantly higher (P < 0.01) except for the MAO level in the brain which was significantly higher at P < 0.05 (Table 1).
Discussion
The investigations on antiradical and antioxidant activeties of phenolic compounds, including flavonoids and phenolic acids have been reported [19] . Studies have shown that the polyphenols found in dietary and medicinal plants could inhibit oxidative stress by antioxidant mechanisms [20] . Iron and copper are essential transition metal elements in the human body required for the activity of a large range of enzymes and for some proteins involved in cellular respiration, O 2 transport and redox reactions. Unfortunately, they contain unpaired electrons that enable them to participate in one-electron transfer reactions. Hence, they are powerful catalysts of autoxidation reactions [21] . Roasted barley grain chelated Fe 2+ by 52.6% at 10 mg/ml. The chelating effect of the extract can inhibit generation of radicals, consequently reducing free radical-induced damage. 3,4-dihydroxybenzaldehyde purified from barley grain was found to chelated Fe 2+ by 7% at 0.32 μg/ml, 11% at 1.6 μg/ml, 12% at 8 μg/ml, 56% at 40 μg/ml and 70% at 200 μg/ml, respectively [22] .
Hydroxyl radical scavenging is an important antioxidant activity because of very high reactivity of the hydroxyl radical which enables it to react with a wide range of molecules found in living cells such as sugars, amino acids, lipids and nucleotides. Although OH formation can occur in several ways, by far the most important mechanism in vivo is the Fenton reaction, where a transition metal is involved as a pro-oxidant in the catalyzed decomposition of superoxide and hydrogen peroxide [23] . The data was expressed as mean ± SD, (n = 10). Differences were considered statistically significant if P < 0.05, P < 0.01. a P < 0.05, compared with NC; b P < 0.01, compared with NC; c P < 0.05, compared with AC; d P < 0.01, compared with AC.
The high hydroxyl radical scavenging activity of the extract may be attributed to the phenol compounds in the extract especially p-hydroxybenzaldehyde and 3,4-dihydroxybenzaldehyde which contain phenolic hydroxyl group with the ability to accept electrons. These electrons can combine with free radicals competitively to decrease hydroxyl radical and intracellular ROS [23, 24] . Superoxide radical is the most common free radical generated in vivo. Pyrogallic acid can autooxidise in slightly alkaline conditions to produce superoxide radical. The constant rate of this autooxidation reaction is dependent on the pyrogallic acid concentration. Antioxidants can inhibit the spontaneity oxidation of pyrogallol but it has been found that the reaction is stable in 1 -3 min. Repetitious tests with roasted barley grain extract showed the reaction was stable in 4 -5 min and conesquently the data at 5 min was adopted to evaluate the inhibition activity. At lower concentrations roasted barley grain extract inhibited superoxide radical in the same way as trolox given the low values of EC 50 obtained. Superoxide radical is known to be very harmful to cellular components as a precursor of the more reactive oxygen species, contributing to tissue damage and various diseases [25] .
Lipid peroxidation, a process induced by free radicals, leads to oxidative deterioration of polyunsaturated lipids. In biological systems, lipid peroxidation inactivates cellular components and therein plays a key role in oxidative stress in biological systems by cell membrane disruption and cell damage [26] . Due to depletion in antioxidant levels, the free radicals are not neutralized and aged organs show enhanced susceptibility to lipid peroxidation. Decrease in lipid peroxidation by roasted barley grain may be a result of it scavenging hydroxyl radical produced by FeCl 2 -H 2 O 2 and H 2 O 2 in the reaction system. On the other hand, polyphenols in roasted barley grain may contain phenolic hydroxyl group, with the ability to accept electrons, which can combine with free radical competitively to decrease lipid peroxidation induced by free radicals.
Barley polyphenol, and grain in general, provides a myriad of antioxidative mechanism which may be partially explained by the fact that it acts as electron donors reducing the oxidized intermediates of lipid peroxidation processes [27, 28] , the ability to scavenge superoxide anion [28] , a common action among other form of polyphenols [29] and the ability to chelate ferrous ions [27] . 3,4-dihydroxybenzaldehyde, a natural phenolic compound purified from barley seeds, may exert the inhibitory effect on H 2 O 2 -induced tumor development by blocking H 2 O 2 -induced oxidative DNA damage, cell death and apoptosis [22] .
A vast number of evidence implicates that aging is associated with a decrease in antioxidant status and that age-dependent increases in lipid peroxidation are a consequence of diminished antioxidant protection [30] , being in agreement with our current study. The major anti-oxidant enzymes, including SOD, GPX and CAT, are regarded as the first line of the antioxidant defense system against reactive oxygen species generated in vivo during oxidative stress. SOD dismutates superoxide radicals to form hydrogen peroxide, which in turn is decomposed to water and oxygen by GSH-Px and CAT, thereby preventing the formation of hydroxyl radicals [31] .
Research shows that diets rich in polyphenols increased the antioxidative capabilities of serum GPx and SOD [32, 33] . This study reveals that roasted barley grain extract significantly increased the antioxidant activity of enzymes SOD and GSH-Px in liver and brain homogenates of aged mice. This is presumed to be the potential effect of the antioxidative nature of barley's phenolic compounds. The antioxidative effect action of roasted barley grain was either by having a more direct effect in reducing ROS or by maintaining enzymatic activities. In both liver and brain, significant increase in SOD and GSH-Px activity and low levels of MDA and MAO were found in all barley grain extract treated groups compared to the AC group. Roasted barley grain extract could thus increase the activity of SOD and GSH-Px and decrease the level of MDA and MAO ( Table 1) . Change in enzymatic activity with aging has previously been reported [34] . Glutathione protects vulnerable cells from oxidative and other metabolite stress due to the metabolism of endogenous as well as exogenous substrates. Therefore the change in GSH-Px activity may play a significant role in the aging process. It has been proposed in literature that any significant increase in SOD activity must be accompanied with comparable increase in GSH-Px activities to prevent excessive buildup of hydrogen peroxide [35] .
